INTRODUCTION
The task of identifying homologous domains by sequence similarity is often made more difficult by differences in domain architectures and by substantial divergence in sequence. As the number of completely sequenced eukaryotic genomes increases, so does the need for accurate prediction of domain homologies. Accordingly, SMART (1) has been developed to identify and annotate protein domains, particularly those in eukaryotes that are mobile and difficult to detect.
SMART consists of a library of Hidden Markov models (HMMs) (2) . These provide a robust statistical model of amino acid preferences and insertion/deletion probabilities at each position in a sequence alignment. The current database covers more than 600 protein domain families. These are linked to multiple sequence alignments, embodied within a web-based domain annotation tool. SMART provides facilities to query the underlying relational database for proteins with particular domain combinations (with the option of restricting these to any taxonomic group) and to alert users to sequences that contain particular domain combinations, after these are newly available in databases.
IMPROVED DOMAIN COVERAGE
The majority of domain alignments represented in SMART have been established using standard database searching methods (3, 4) . Over the past 2 years, in order to augment the SMART domain set, we have striven to develop semi-automatic search methods to identify new and biologically interesting domains. Of more than 200 domains added, many were identified in-house by investigating sequence regions that had no previous domain annotations.
IMPROVED ANNOTATION
Improvements in the annotation of domains, with respect to human disease and cellular localisation, have been implemented in the latest version of SMART.
SMART now provides information on known human heritable genetic disorders arising from missense mutations located within specified domains. Of the 10 121 missense mutations annotated in SWISS-PROT (http://ca.expasy.org/sprot/; 5), many of which are derived from OMIM; 3085 mutations could be mapped onto 170 different SMART domain types in 335 out of 734 human disease gene sequences (6) .
For each domain family, SMART now provides estimated probabilities that each domain is part of a secreted, cytoplasmic and nuclear protein. These probabilities derive from observed patterns of domain co-occurrence and their correlations with protein localisations. The method for generating these probability values and an estimation of its accuracy will be presented elsewhere. 
STRUCTURAL CHANGES AND THE SMART DATABASE
The core of SMART is a relational database management system (RDBMS) (3) powered by PostgreSQL (http:// www.postgresql.org) that stores information on SMART domains. Each domain's hit borders, raw bit score and Expect (E) value are recorded, together with protein accession code, description and species name.
For each protein in the relational database, intrinsic features such as transmembrane regions (7), coiled-coils (8), signal peptides (9) and internal repeats (10) are now included. Users can now query the RDBMS for proteins containing not only particular domains, but also specified intrinsic features ('TRANS', transmembrane regions; 'COIL', coiled-coils; 'SIGNAL', signal peptides). For example, it is possible to identify receptor tyrosine kinases by searching for proteins that contain both a tyrosine kinase domain, and a predicted transmembrane region (Fig. 1) .
For the latest release of SMART, two new analytical methods have been employed. TMHMM2 is now being used to predict transmembrane sequences, since this method demonstrates 97-98% accuracy for transmembrane prediction (7). Internal sequence repeats are detected using Prospero (10), with a significance threshold probability of 10 -4 , after first filtering the sequence for low complexity and coiled-coil regions.
IMPROVED WEB INTERFACE
SMART provides a World Wide Web-based interface to its underlying relational database and HMMER-based search engine (3) . In response to rapidly increasing demand, we have taken steps to dramatically improve the efficiency and response times of our server. Underlying code has been modified to use persistent database connections. Many speed optimisations have been made thereby providing users with a much faster and more productive environment.
Schematic representations of proteins are now generated dynamically and displayed as a single PNG (Portable Network Graphics) image. This enables easy 'copy-paste' inclusion of SMART output in users' publications. SMART multiple sequence alignments may now be coloured by consensus using CHROMA (11) . This highlights patterns of residue conservation, which can assist in clarifying questions of homology, and can draw attention to functional positions such as binding and active sites.
SMART database querying capabilities were recently greatly extended allowing users to build up more complex queries of the underlying relational database using SQL commands. The latest release of SMART also introduced options to retrieve FASTA-formatted sequences of domains or proteins that have been viewed using Architecture SMART. Thus, it is easier for users to generate full alignments for all the occurrences of a particular domain that occur in a given species.
APPLICATION OF SMART
Apart from its use as a web tool, SMART has been applied to large-scale annotation projects such as the annotation of the human genome draft sequence (12, 13) , the investigation of single domain families in model organisms (14) , the study of sequence conservation in multiple alignments (15) and, in conjunction with genomic data, for the study of conservation of gene (i.e. intron/exon) structure (16) . SMART will continue to be a valuable resource for large-scale sequence analysis studies.
SMART has also been incorporated into other domain and protein family resources that are used for the primary annotation of sequence databases. It is a component database of InterPro Figure 1 . Using intrinsic features in Architecture SMART queries. The SMART database was queried for all proteins containing a tyrosine kinase domain and a transmembrane region (TyrKc and TRANS). 387 proteins were found, including the five displayed here. Note that the text colour of domain names has been designed to correlate both with its subcellular localisation (blue, secreted; black, intracellular) and its catalytic activity (red, catalytic activity). (17) , which contributes to the annotation of SWISS-PROT sequences (5) , and of the Conserved Domain Database (CDD) (http://web.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) which contributes to the annotation of RefSeq sequences (18) .
CONCLUSIONS
Over the past years, SMART has developed and matured into an important and widely used biological web tool characterised by stability and fast response times. Our main goal has been to continue to provide improvements and feature expansion together with the highest quality of data. We are committed to maintain, improve and extend SMART to accommodate the rising needs of genome and proteome annotation and analysis.
